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IgE Enhances F& Receptor | Expression and IgE-Dependent
Release of Histamine and Lipid Mediators from Human
Umbilical Cord Blood-Derived Mast Cells: Synergistic Effect of
IL-4 and IgE on Human Mast Cell Fce Receptor | Expression
and Mediator Releasé

Masao Yamaguchi?* Koichi Sayama,®* Koji Yano, ** Chris S. Lantz,* Nancy Noben-Trauth,’
Chisei Ra;j John J. Costa,” and Stephen J. Gallp*

We investigated the effects of IgE versus IL-4 on FeRI surface expression in differentiated human mast cells derived in vitro from
umbilical cord blood mononuclear cells. We found that IgE (at 5pg/ml) much more strikingly enhanced surface expression of
FceRI than did IL-4 (at 0.1-100 ng/ml); similar results were also obtained with differentiated mouse mast cells. However, IL-4
acted synergistically with IgE to enhance FeRI expression in these umbilical cord blood-derived human mast cells, as well as in
mouse peritoneal mast cells derived from IL-4”~ or IL-4 */* mice. We also found that: 1) IgE-dependent enhancement of Rl
expression was associated with a significantly enhanced ability of these human mast cells to secrete histamine, R@Dd leu-
kotriene C, upon subsequent passive sensitization with IgE and challenge with anti-IgE; 2) preincubation with IL-4 enhanced
IgE-dependent mediator secretion in these cells even in the absence of significant effects oeMcsurface expression; 3) when used
together with IgE, IL-4 enhanced IgE-dependent mediator secretion in human mast cells to levels greater than those observed in
cells that had been preincubated with IgE alone; and 4) batches of human mast cells generated in vitro from umbilical cord blood
cells derived from different donors exhibited differences in the magnitude and pattern of histamine and lipid mediator release in
response to anti-IgE challenge, both under baseline conditions and after preincubation with IgE and/or IL-4. The Journal of
Immunology, 1999, 162: 5455-5465.
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mediator secretion is thought to contribute importantly to the(11, 12). Yet, until recently, relatively little attention had beeng

expression of protective immune responses to certain paragiven to the possibility that IgE itself might regulate the ability of S
sites and also to the pathogenesis of asthma and other allerginast cells (or other FeRI™* effector cells) to bind IgE, or that this T
diseases (1-7). Itis now clear that IgE-dependent mast cell effectanight have important implications for mast cell function.
function in these responses depends almost entirely, if not solely, However, it is now clear that IgE can enhance the IgE-bindinﬁ
on the ability of these cells to bind IgE to high affinity IgE receptor ability of bone marrow-derived mouse mast cells in vitro (13, 14)5
(FceRI) expressed on the surface of cells (8, 9). Moreover, it hasand mouse peritoneal mast cells in vitro or in vivo (13), and that,
long been known that patients with parasite infections or allergicthis increased IgE-binding ability reflects enhanced cell surface2
diseases typically have elevated concentrations of IgE (1, 7, 10gxpression of FeRI (13). The administration of IgE also can in-
and that atopic subjects with high levels of serum IgE also exhibitcrease the expression ofdRl by rat mast cells in vivo (15). More-
over, such IgE-dependent up-regulation o&REexpression can
. oo _ significantly increase the ability of mouse mast cells to release
Er?g i'r;n:\?ar:tds “(A)Ldiztlhglci%%l?Bosig:??\i’A%Z?f;is;i;gg’cgp ?rz?nuMne;jlz)cg,cr\F;‘er preformed mediators or cytokines in response to challenge with
tional Institute of Allergy and Infectious Diseases, National Institutes of Health, SPECIfic Ag (13). IgE-dependent enhancement of mouse mast cell
Rockville, MD 20852; andDepartment of Immunology, Juntendo University, School FceRl expression had a particularly striking effect on the ability of
of Medicine, Tokyo, Japan cells to secrete IL-4 (13), a cytokine that can promote the produc-
Received for publication August 14, 1998. Accepted for publication February 8, 199945 of IgE (16, 17).

The costs of publication of this article were defrayed in part by the payment of page \\/hile the relevance of these observations to the human system was
charges. This article must therefore be hereby maddkrtisemenin accordance initiallv cl | d that IaE h he IGE
with 18 U.S.C. Section 1734 solely to indicate this fact. n_0t |_n|t|a y clear, we rgcenty reported t Qt gE can enhance the IgE-

1 This work was supported by National Institutes of Health Grants AI/CA-23990, CA/ binding ability of umbilical cord blood-derived cultured human n.1as.t
Al-72074, and P50 HL-56383, Project 4, and U19-Al-41995, Project 1 (to S.J.G).  cells, and that such IgE-dependent enhancement of the IgE-binding
2 Current address: Division of Allergology and Rheumatology, Department of Med-ability of cells enhances the ability of these anti-IgE-induced mast
icine, University of Tokyo, School of Medicine, 7-3-1 Hongo, Bunkyo-ku, Tokyo cells to secrete histamine, and the chemokine macrophage-inflamma-

113-8655, Japan. tory protein-Ix (MIP-1c),° in response to challenge with anti-IgE
3M.Y. and K.S. are co-first authors.

I mmunoglobulin E- and Ag-dependent activation of mast cellincreased expression of &l on the surface of blood basophils

nJge

4Current address: First Department of Internal Medicine, Nagasaki University
School of Medicine, 1-7-1 Sakamoto, Nagasaki 852, Japan.

© Abbreviations used in this paper: MIRsImacrophage-inflammatory proteia;1BM-

5 Address correspondence and reprint requests to Dr. Stephen J. Galli, Department 8BMCs, mouse bone marrow-derived cultured mast cells; h, human; LTC, leukotriene C;
Pathology, Stanford University Medical Center, 300 Pasteur Drive, Stanford, CAMESF, molecules of equivalent soluble fluorochrome units; PMCs, mouse peritoneal
94305-5324. E-mail address: sgalli@leland.stanford.edu mast cells; rhSCF, recombinant human stem cell factor 164; SCF, stem cell factor.
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(18). Notably, Kimata et al. (19) have reported recently that MiP-1 from the top 20% of the solution for incubation with mast cells; the IgE
can enhance IgE production by human B cells in vitro. concentrations of solutions before or after centrifugation were 164.6
In addition to IgE, IL-4 can also enhancedRt expression in 2.6% or 101.2+ 2.6% of the supplier’s reported values, and the difference

. lati fh I | etween these values was not statistically significant. Mast cell numbers
certain populations of human mast cells. Toru et al. (20) reported,q viability (which was always-90% according to trypan blue staining)

that IL-4 can up-regulate ERI expression and IgE binding in  were assessed immediately before analysis of mast ceRIFarface ex-
human mast cells derived in vitro from CD3%uman umbilical  pression or mediator release (i.e., after culture and/or preincubation for up

cord blood mononuclear cells maintained in stem cell factor (SCFJe 8 days= IgE or IL-4).

and IL-6 without PGE, and Pawankar et al. (21) found that IL-4 ry6 cytometry of umbilical cord blood-derived human mast
can also enhance surface expression @RFon human nasal mast |15

cells in vitro. While neither of those studies compared the effects ) ) ) )
of IL-4 versus IgE on human mast cell&Ri expression, H.-Z. Xia Cells were washed once in DMEM (Life Technologies) supplemented with

. . . % FCS (Sigma), then preincubated with human 1gG (Sigma) atgitl
et al. (22) recently did perform such a comparison, using feta or 15 min, and then incubated at 4°C with purified human myeloma IgE

liver-derived human mast cells that had been generated in SCKsiodesign International) at 18g/ml for 50 min; pilot studies showed that
containing media in vitro. These fetal liver-derived human mastthese conditions resulted in96% of the level of binding of IgE to mast

cells, which developed over a period of 4 wk in vitro in the absencecells as was obtained with cells that had been incubated with IgE at 50

) rg/ml for 150 min at 4°C. After washing once in DMEM supplemented
of exogenous rhiL-4, expressed almost no detectabiRFan the with 3% FCS (Sigma), cells were stained with FITC goat anti-human IgE

cell surface (22). In these mast cell populations, Xia et ?‘l- fOl{ndAb (Biosource International, Camarillo, CA; ap@/ml) for 25 min at 4°C.
that IL-4 was substantially more potent than IgE alone in inducingTo analyze directly levels of mast cell surfaceRtexpression, cells were
the expression of FRI, but that IL-4 and IgE had a synergistic Preincubated with human 1gG for 15 min (as above) and then incubated for
effect. Moreover, the ability of IL-4 to enhancedRi expression 1 h at 4°C with 5ug/ml of the mouse 19G2b anti-human éRi a-chain

ively diminished duri he first 2 wk of cul indi mAb, CRA-1, which can bind to the ERI a-chain whether or not it is
progressively diminished during the first 2 wk of culture, indicat- occupied by IgE (21, 27). After washing, cells were stained with FITC goat

ing that the cytokine is most effective in inducingeRt expression  F(alf), against mouse IgG (Jackson ImmunoResearch, West Grove, PA)
in this system if it is present during the earliest stages of mast celf.5 ug/ml for 30 min. An isotype-matched mouse 1gG2b mAb with irrel- £
differentiation (22). evant specificity (MOPC195; Organon Teknika, Durham, NC) was used a

_egative control instead of CRA-1. Stained cells were analyzed using
In the present study, we analyzed the effects of IgE versus IL ACSCalibur (Becton Dickinson, San Jose, CA). Ten thousand events i@

on FaRI expression in a different popu_lation of humgn_ mast Ce_”5:each sample were analyzed, and at least five thousand mast cells wese
differentiated mast cells generated in SCF-containing mediunstudied to calculate the median value of fluorescence intensity.
from umbilical cord blood mononuclear cells. We find that, in ~ An instrument setting of the flow cytometer that was appropriate for

these human mast cells, IgE is substantially more potent than IL-#"alysis of human mast cells was determined in the first experiment an
. h ing Eerl . d that IgE-d dent enh was used for all such analyses throughout this study. In addition, the me
In enhancing expression, an at Ige-dependent ennanceyian yajues of fluorescence intensity of mast cells were converted to t

ment of FeRI expression permits the cells to secrete increaseumbers of the molecules of equivalent soluble fluorochrome unit
amounts of lipid mediators, in addition to histamine, in response tdMESF) using Quantum 25 microbeads (Flow Cytometry Standards, Sa&

challenge with anti-IgE. However, when added with IgE, IL-4 canJuan, PR) on each day that an experiment was performed, as per the sp&z-
ifications of the manufacturer (13).

wo

[

(o]

enhance mast cell surface expression afff@ver that observed S
in cells that had been preincubated with IgE alone; IL-4 preincu-Studies of differentiated mouse mast cells 8
bation can also enhance mast cell mediator secretion in responseéo . . Py

ti-l0E chall ithout duci ianifi t enh or cell culture before flow cytometry, unfractionated peritoneal cells from&
anti-lg challange even without producing significant ennances it gaLB/c IL-4 '~ mice (28) or the corresponding normal (IL4) g

ment of F&RI surface expression. Some of these results have beepa| B/c mice (Charles River Laboratory, Wilmington, MA) were cultured &
reported in abstract form (23). at5x 10° cells/ml in DMEM (Life Technologies) supplemented with 10% =
FCS, 50 ng/ml rat rSCF (Amgen), 2 miMglutamine, and antibiotics (pen-
. icillin/streptomycin); mast cells were incubated for up to 6 days with or ©
Materials and Methods without ascites containing mouse IgE anti-DNP mAb (atg@ml) (13) or
Umbilical cord blood-derived human mast cells mouse rlL-4 (Genzyme; at 10 ng/ml).
BALB/c bone marrow-derived cultured mast cells (BMCMCs) were
nerated by culturing femoral bone marrow cells of adult BALB/c mice in
20% WEHI-3 cell supernatant-conditioned medium for 4—6 wk. Mast cells
were incubated for up to 4 days with or without ascites containing mouse
rnIgE anti-DNP (at 5ug/ml) or mouse rIL-4 (at 10 ng/ml).

For flow-cytometric analysis of unfractionated freshly isolated mouse
BBritoneal mast cells, we preincubated the cells with B3B4 and 2.4G2
mAbs (PharMingen, San Diego, CA) for 15 min to block low affinity bind-
ing of IgE or other subsequent Abs to CD23 oryRtl/lll, respectively
(13). The cells were then incubated at 4°C with mouse IgE anti-DNP mAb
(at 10 wg/ml) for 50 min, and then, simultaneously, for the last 25 min,
with a biotinylated rat anti-mouseldt Ab (at 15ug/ml) (13). After wash-
ing, cells were stained with FITC rat anti-mouse IgE Ab (PharMingen; at
10 pg/ml) and phycoerythrin-streptavidin (Sigma; at/1g/ml) for 25 min
at 4°C. IgE", ckit* cells were gated and analyzed (13).

For flow-cytometric analysis of BMCMCs, cells were blocked with

Z'C

oT

Saito et al. (24). Heparinized cord blood (Advanced Biotechnologies, Co
lumbia, MD, or Brigham and Women'’s Hospital, Boston, MA) was over-
laid on Histopaque 1077 (Sigma, St. Louis, MO) and centrifuged at roo
temperature for 30 min at 408 g. Mononuclear cells at the interface
between plasma and Histopaque 1077 were collected, washed, and th
maintained in culture medium, consisting of Iscove’s modified Dulbecco’s
medium (IMDM; Sigma) supplemented with 10% FCS (HyClone, Logan,
UT); 80 ng/ml human rSC¥*(rhSCF; Amgen, Thousand Oaks, CA) (25);
50 ng/ml human rIL-6 (rhIL-6; Amgen); LM PGE, (Cayman Chemical,
Ann Arbor, Ml); and from Life Technologies (Gaithersburg, MD), 10 mM
HEPES, 2 mM.-glutamine, antibiotics (100 U penicillin/ml, 1Q@g strep-
tomycin/ml, and 10ug gentamicin/ml), X MEM vitamin solution (cat-
alogue 11120), X MEM amino acids (without.-glutamine, catalogue
11130), 1 mM sodium pyruvate, and %M 2-ME. Half of the culture

medium was changed weekly, and cells were cultured for at least 9 wk. Thygp4 anq 2 4G2 as above, incubated with mouse IgE anti-DNP mAb (at 10
purity of the mast ce_IIs at the time of |nd|v_|dua| experiments was .86 to g/ml) for 50 min, and then stained with FITC rat anti-mouse IgE Ab (at
>99% (as specified in the text), as determined using Kimura’s stain (26 0 pg/ml) (13). '

and/or tryptase immunostaining (24); the two methods usually gave essen-

tially identical results. In some experiments, mast cells were inCUbate‘buantification of human mast cell mediator release

(unless specified otherwise, in the usual culture medium) for up to 8 days

with or without purified human myeloma IgE (Biodesign International, For measurements of mediator release, cells were sensitized with myeloma
Kennebunk, ME, at 0.05 or ag/ml microcentrifuged at-14,000% g for IgE at 5 ng/ml for 2 h at37°C, washed, and stimulated with either goat
20 min at 20°C to remove possible aggregates), and/or rhiL-4 (Genzymeanti-human IgE Ab or calcium ionophore A23187 (Sigma). For measure-
Cambridge, MA), before analyses of mast cell surfaceRFexpression  ments of histamine, PGDor LTC, release, cells were stimulated for 1 h
and/or mediator release (see below). After centrifugation, IgE was removedt 37°C, and the histamine in supernatant and cell fractions was measured
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A B p<0.0001
=
2 47 p<0.0005 p<0.0001
] IgE (ug/ml) for 4 d culture i
g ] None 0.05 5.0
—) =) (o 3
@& Negative ! =
2 1 control H X
o ] i Negative controls
o= \ i (] _tegative controls
¥ ] =
=]
(']
a-l] -;"I' '2 ] 4
10 10 10 10 10 0 0 0 0 005 50
Anti1gE FITC IgE (ug/ml) for 4 d before flow cytometry
IgE: - - + + + +
FITC: - Anti-ilgE IgG Anti-lgE

Treatment for flow cytometry

FIGURE 1. A andB, Up-regulation of umbilical cord blood-derived human mast cell IgE binding by IgE. Mast cells (pa@§%, 19 wk of culture)
were cultured without IgE or with purified human myeloma IgE at 0.05 @g#8nl for 4 days, washed, preincubated for 15 min with human IgGu@/nl),
and then incubated with excess IgE (26/ml) at 4°C for 50 min to saturate fully mast cell surfaceRE and then mast cell surface IgE binding was
analyzed by flow cytometryd, Flow cytometry results (negative contrel results for mast cells that had been cultured without IgE for 4 days and theg—
stained with FITC goat IgG against human IgE (FITC anti-lgE) with no prior sensitization with ByHjhe median values of fluorescence intensity of &
mast cells as shown iA were converted to the numbers of MESF (&&sterials and Methods Data for cells stained for surface IgE binding are mean
SEM (n = 3). The three negative controls & 1 each) show values for cells cultured for 4 days without IgE before preparation for flow cytometry aftgi
either omission of FITC anti-IgE and/or IgE, or substitution of FITC goat IgG for FITC goat IgG against human IgE (as indicated in the figure).

g
g

using a RIA kit (Immunotech, Westbrook, ME), whereas the B@D  Comparison of the effects of IgE, IgG, IL-4, or IgE plus IL-4 on
LTC, in the supernatants were measured using enzyme immunoassay kitsceR| expression by human mast cells in vitro

(Cayman Chemical, Ann Arbor, MI). For cytokine release, cells were stim- o )

ulated with anti-IgE for 4 h, and IL-13 in superatants was assayed usin§Ve maintained aliquots of some of the same mast cells shown
an ELISA kit (Endogen, Woburn, MA). Fig. 1 for 7 days in medium containing rhSCF, rhIL-6, angdl
PGE, (i.e., our usual culture medium), or in medium containing
the same concentrations of rhSCF and rhiL-6, but without PGE

uo BiGsjounwi - mmm w

Statistical analysis =t

e

Unless otherwise specified, all data are expressed as m&iiM, and all c
differences between values were compared by the two-tailed Student’s 3
test (unpaired). Negative controls x]
IgE binding FceRl expression o
Results _ o ' <0.0001 - 2
IgE enhances FeRI expression by human mast cells in vitro P<0.0001 p<0.0001 <0.0001 ©
| —|
24 P30.0006 p<0.0001

As assessed by flow cytometry (skkaterials and Methods we
confirmed that baseline levels of IgE binding by human mast cells
were significantly enhanced, in a concentration-dependent manner,
upon incubation with monomeric human IgE (18); results repre-
sentative of those obtained in 12 separate experiments, employing
mast cells derived from eight different umbilical cord blood prep-
arations that were tested after 9—-19 wk of culture, are shown in
Fig. 1, A andB.

Under the conditions of our experiments, the IgE binding that
we assess by flow cytometry reflects, largely, if not entirely, the

MESF (x 105)

0 0 0 5.0 0 0 5.0

IgE (ug/mi) treatment for 6 d before flow cytometry

binding of IgE to FeRI (13). However, to investigate this point 1st Ab: - - IgE lgG2b ~ CRA-1
directly, we incubated in vitro derived human mast cells (pusity FITC: - Anti-humanigE  Anti-mouse IgG
96.3%, 9 wk of culture) for 6 days with or without IgE (apg/ml) Treatment for flow cytometry

and then used flow cytometry to compare the IgE-binding ability ' o

of cells, as determined by staining with our FITC anti-human IgEFIGURE 2. Comparison of the surface IgE-binding andeRt expres-
Ab, with their surface expression of &l, as assessed by staining sion of umbilical cord blood-derived human mast cells. Mast cells (puri-
Wit’h the CRA-1 Ab (27). As shown in, Fig. 2, preincubation of ty = 96.3%, 9 wk of culture) were cultured for 6 days in our usual culture

. medium with or without human myeloma IgE (&/ml). IgE binding was
mast cells for 6 days with IgE markedly up-regulated both theanalyzed by flow cytometry with FITC anti-IgE (as in Fig. 1), ancRe

ability of these cells to bind IgE and their reactivity with CRA-1. gypression was analyzed by flow cytometry with the mouse IgG2b mAb
These results indicate that, most, if not all, of the IgE-dependengra-1, which can bind to the ERI a-chain whether or not the receptor

up-regulation of IgE binding exhibited by these cells reflected in-is occupied by IgE (sedlaterials and Methods Data are mear:t SEM
creased surface expression okRt (n = 3).
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4 PGE2 1uM No added PGE2 (20), and then for an additional 4 days in medium containing
T J r J rhSCF and rhiL-6= PGE, (1 uM) plus human rlL-4 (Genzyme,;

P<0.0001 p<0.0001 at 10 ng/ml) (20, 21), human IgE (as above, atgml), or neither
rhiL-4 nor IgE.

As shown in Fig. 3, incubation of mast cells with monomeric
IgE (in the presence or absence of exogenous Jp@&sulted in a
substantial enhancement of the IgE-binding ability of cells. When
compared with the most appropriate negative control cells (i.e.,
cells that had not been passively sensitized with IgE immediately
before flow cytometry with FITC anti-IgE, but that had been in-
cubated under the same culture conditions for the previous 4 days),
the mast cells that had been incubated with rhiL-4 expressed a
slightly greater ability to bind IgE (i.e., a somewhat greater dif-

, ference in the height of the black and grey bars in the figure) than
o 0 1L 1L |§E 1gE o 0 14 1L I‘g’E IgE did mast cells that had been incubated without rhiL-4 (Fig. 3).
However, any effect that IL-4 may have had on mast cell surface
expression of F¢RI in this experiment was minimal compared
IgE: - + - + + + s S . o with that of IgE.

Treatment for flow cytometry with FITC-antt-IgE In a second experiment, which employed cells that had been
FIGURE 3. Comparison of the effects of IL-4 and IgE on surface IgE m.aintained throughout the study in our usual cu!tur_e med.il.Jm (ie.,
binding of umbilical cord blood-derived human mast cells. Mast cells (pu-With PGE; at 1 uM), we assessed both the IgE-binding ability and
rity = 98%, 17 wk of culture) were washed and then maintained for 11the F&RI expression of mast cells that had been incubated for 4/
days before flow cytometry in the usual culture medium (containing rhSCFdays before flow cytometry with rhiL-4 (10 ng/ml), monomeric §
rhiL-6, and PGE) or in medium that differed from the usual culture me- IgE (5 ug/ml), human IgG (Reagent Grade, Sigma; at 5 or 1009
dium only by lacking added PGHas shown in the figure); the media were ,g/ml), or neither Abs nor rhiL-4 (Fig. 4). As assessed by com-g'
supplemented during the last 4 days of culture with rhiL-4 (10 ng/ml), parison with the most appropriate negative control cells (grey barss

humgn myeloma IgE (pg/mi), or neither IL-4 nor I,gE (@in the_ figure). i, Fig. 4), mast cells that had been incubated with rhiL-4 exhibiteﬁ
IgE binding was analyzed by flow cytometry as in Fig. 1. Negative controls

Negative controls

21 p<0.0001 p=0.0005 p<0.0001 p=0.0004
i [ | T 1 1

MESF (x 105)

Treatment for 4 d before flow cytometry

for cells cultured for 4 days: IL-4, but without IgE, were performed by slightly enhanced IgE binding and &l exprfessm.n (Fig. 4). g
incubating cells with FITC anti-IlgE without any prior sensitization with M°r¢ovef- the M_ESF values_ for ERl expresgloq .(|.e., CR_A']' =
IgE. Negative controls for cells cultured with IgE for 4 days*(in the binding) of cells incubated WIFh rhiL-4 were significantly higher, 35
figure) were further sensitized with IgE, washed, and then incubated witty ~18%, than those for cells incubated without rhiLp4s 0.005 3
excess non-FITC-labeled IgE (at 1Q@/ml) for 10 min before adding  (Fig. 4). However, the effects of rhiL-4 on the ability of the cells 3
FITC anti-IgE (at 9ug/ml). Data shown are meah SEM (n = 3). to bind IgE, or their surface expression ofeRt, were much less 5
Qa
o
]
T
*] o )
IgE binding FceRI expression 5
I 1 [ 1 <
[
p<0.0001 N
1 N
NS p<0.0001 p<0.0001 Q
FIGURE 4. Comparison of the effects of IgE, r 1 0.0001 ©
L <0.005 p<0.
IL-4, and 1gG on surface_l_gE-blndlng and surface p'__”p_l
FceRI expression in umbilical cord blood-derived 2

human mast cells. Mast cells (purity 96.3%, 10
wk of culture) were cultured for 4 days in the usual
culture medium with added human myeloma IgE
(at 5 ug/ml), rhiL-4 (at 10 ng/ml), human IgG (at 5
or 100 pg/ml), or neither Abs nor exogenous IL-4
(0 in the figure). Surface IgE-binding and dRd
expression were analyzed by flow cytometry as in
Fig. 2. Negative controls for IgE binding of cells 1 -
cultured with IgE for 4 days (IgE* in the figure) '
were further sensitized with IgE, washed, and then
incubated with excess non-FITC-labeled IgE for 10
min before adding FITC anti-IgE (as in Fig. 3). CRA
denotes the CRA-1 mouse 1gG2b mAb with speci-
ficity for the human FeRI a-chain, whereas 2b de-
notes a mouse IgG2b mAb with irrelevant specificity
(MOPC195).

7 Negative controls

MESF (x 105)

A Y

1gG IgG 1gG IgG

aO,Sss5RE

0 0 0 IL4IL-4IgE IgE IgG lgG igG IgG 0 L-4 IL-4 IgE

a
m

5 5 100100 5 5 100100

Treatment for 4 d before flow cytometry

1stAb: - - IgE - IgE IgE* IgE - IgE - IgE 2b CRA 2b CRA 2b CRA 2b CRA 2b CRA
FITC: - Anti-human IgE Anti-mouse IgG
Treatment for flow cytometry
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8 1 19E (ug/ml 149 o No IL-4 or IgE w1t
Ll L o IL-4 10 ng/mi
O None wiex 12 o IgE 5 pg/ml
® 50 B IgE + IL-4

wax Ht weettt 10 <

6—
oy
=4
x 8-
N <4—IgEtIL-4 w
2 i
X 44 s 6
™
7]
& .
= 4

+ IL-4 alone 0 T T T T T T T T T
0 1 2 3 4 5 6 7 8
0 —= T T T T T Days of culture
Negative 0 0.1 1 10 100
control FIGURE 6. Time course of changes in surfaceeRt expression in um-

IL-4 /ml) for 4 d culture . . . X
(ng/mi) for bilical cord blood-derived human mast cells cultured with or without

IgE and/or IL-4. Mast cells (purity= 92.6%, 14 wk of culture) were cul-
tured in the usual culture medium with or without human myeloma IgE (at
5 pg/ml) and/or rhiL-4 (at 10 ng/ml). Surface &Rl expression was ana-
lyzed by flow cytometry using CRA-1 as in Fig. 2. All data are mean

FIGURE 5. Dose-dependent effects of IL-4, with or without IgE, on
surface FeRI expression in umbilical cord blood-derived human mast
cells. Mast cells (purity= 100%, 15 wk of culture) were cultured for 4

days in the usual culture medium with or without human myeloma IgE (at
Y Y 9E (A'SEM (0= 3): %, p < 0.05:%%, p < 0.005: %, p < 0.0001, versus MESF

5 ug/ml) and/or rhiL-4 (at 0.1, 1, 10, or 100 ng/ml). SurfaceeRtex- : o
pression was analyzed by flow cytometry using CRA-1 as in Fig. 2. Neg_values of corresponding cells that had been maintained at the same cof-

ative control (bar) shows values for cells cultured for 4 days without | Ecentration OFIgE (i-e., 0 or g/ml), but without IL-4; Tp < 0.05; T1p <

orIL-4 befor(-:F pre)paration for flow cytometry, but with omisysion of staig- 0.005; 111p < 0.0001, versus MESF value at day 0.

ing with FITC anti-mouse 1gG. Data are meanSEM (n = 3); =%, p <

?'90%1]; V‘Z“Z“S N'IEtShF values of Cor;es'tpond:f:ﬁ Zegstthithhaflb;e;‘ main- \we now have compared the effects of IL-4 versus IgE on IgE=.

ainea ror ays In the same concentration 0 -4, but without Igip; <, : : e : : : :

0.05; t1,p < 0.005; t1t,p < 0.0001, versus MESF values of cells that binding ability and/or F.GRI surface expression In eight dlfferent_ =

had been cultured for 4 days with the same concentration of IgE (i.e., 0 0 atCh_es of human umblhca} cord blood-derl_\/eq mas’[_qe”s' Prelng

5 pg/ml), but without 1L-4. cubation W|th_|L-4_aI9pe |ncreaseq IgE_—blndlng ability and/or %
FceRI expression significantly, albeit minimally, in four of these &
experiments; in the other four experiments, no significant effectg

striking than those of IgE[{ < 0.0001 for either comparison). By were detected. By contrast, IgE preincubation resulted in marke%j

contrast, incubation with IgG (at 5 or 1@@/ml) had no detectable elevations of IgE-binding ability and/or ERI surface expression

effect on the FeRI expression of the cells (Fig. 4). in all eight experiments.

We then analyzed the effects of various concentrations of IL-4 )

on FaRI expression, using mast cells maintained in our usual9E-dependent up-regulation of human mast cekfic

culture medium (with PGE at 1 M) and cultured for 4 days with e_xpres_smn can_e_nhance_ IgE-dependent mast cell release of

or without IL-4 and/or IgE (at Sug/ml) (Fig. 5). As assessed by hlst_amlne and lipid medl_ators, Whereas_ IL-4 can er_lhance

flow cytometry, MESF values for cells cultured for 4 days with antl-IgE-depend_ent mediator release without affecting levels of

IL-4 alone (at 0.1-100 ng/ml) were slightly but significantly higher SUrface expression of kBl

than values for cells cultured without IL-4, with the greatest en-We also assessed the potential effects of IgE-dependent up-regu-

hancement of RRI expression by IL-4 alone occurring in cells lation of IgE binding (Fig. 2) on the ability of cells to release

that had been incubated with 10 ng/ml of IL-4. By contrast, IgE histamine upon stimulation with either anti-IgE or theeR&in-

alone (at 5ug/ml) had a much greater effect ondRl expression  dependent agonist, the calcium ionophore A23187 (FRB). Th

than did any of the tested concentrations of IL-4 (Fig. 5). However,confirmation of our previous findings (18), we found that, in com-

when various concentrations of IL-4 were added for the 4-dayparison with cells that had not been preincubated with IgE, cells

period of culture together with IgE at gg/ml, IL-4 clearly ex-  that had been preincubated for 4 days with IgE atgdml| exhib-

hibited a concentration-dependent synergistic enhancement dfed an FeRI-dependent histamine release response to anti-IgE

FceRI expression compared with that induced by IgE alonechallenge that was significantly enhanced in both sensitivity and

(Fig. 5). intensity; by contrast, the histamine release response to challenge

We then examined the time courses of these effects, using with A23187 was not significantly affected (FigB) In a separate

different batch of mast cells. As shown in Fig. 6, in this experimentexperiment, which was performed using aliquots of the same mast

IL-4 had little or no effect on FeRI expression when used without cell preparations shown in FigBlwe found that the cells that had

IgE, but significantly enhanced ERI expression, over that seen in been incubated in wg of IgE/ml for 4 days gave 73% more

cells that had been incubated with IgE alone, when administeredpecific histamine release upon challenge with anti-IgE jag/ml

together with IgE. This synergistic effect of IL-4 was statistically than did cells that had not been incubated with IgE before passive

significant as early as 12 h after the beginning of the experimentsensitization and anti-IgE challenge.

and surface FeRI expression in cells cultured with IgE IL-4 We next performed preliminary experiments that indicated that

continued to increase gradually with time over the 8-day period ofl h was a suitable period at which to measure B@DLTC,

the experiment. release after FRl-dependent activation of human umbilical cord

MMM W04} BBPE0 JUMOT

0T0Z ‘2T Afenu
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A preincubation with IL-4 alone did not significantly enhancemlc
4 p<0.0001 expression in these cells, whereasRcexpression was signifi-
cantly increased by preincubation with IgE atug/ml or, to a
”‘.‘MI l&'oom slightly but significantly greater extent, by preincubation with both
IgE and IL-4 (Fig. &\).
In the same population of cells, preincubation with IgE or IL-4
Negative controls enhanced anti-lgE-dependent histamine release to a similar extent,
whereas the greatest release was observed in cells that had been
preincubated with both IgE and IL-4 (FigB8left). Notably, a
4-day preincubation of these cells with IL-4 at 10 ng/ml also sig-
nificantly enhanced their ability to release histamine in response to

MESF (x 105)

(] (] 0 0 005 5 challenge with the calcium ionophore A23187 M), whereas

IgE (1ig/ml) for 4 d before flow cytometry the A23187-induced responses of cells preincubated with IgE
IgE: - B + + . + alone were slightly, but not significantly, less than those of control
FITC: - AntigE IgG T—IQE_ cells that had not been preincubated with IL-4 or IgE (FiB, 8

right). Since preincubation of these cells with IL-4 had little or no

Treatment for fl t t . . .
or flow cylometry effect on their level of surface expression ofeRt (Fig. 8A), the

B effect of IL-4 preincubation on the histamine release response of

404 IgE (ug/mi) ~ 100 the cells to challenge with A23187 must have occurred by a mech-
g O None g anism independent of those related to increased surface expression
] w0 2005 "s -80 of the F&RI.
3 ®50 g In accordance with the results for histamine release, preincubag
é -60 o tion of mast cells with either IL-4 or IgE for 4 days enhanced theg
E 20 E ability of cells to release LTCor PGD, in response to anti-lgE &
_‘:é - 40 E challenge (Fig. 8). Moreover, for either of these lipid mediators, g
£ 104 8 cells that had been preincubated for 4 days with both IL-4 and Igéi;
K 20 g released significantly more product in response to anti-IgE chalQ
o o lenge than did cells that had been preincubated with either IL-4 o

0—000101 110 0 0.1 02 0510_0 IgE alone.
Anti-IgE (ug/ml) A23187 (uM) Finally, the data in Fig. 8 indicate that exposure of human um-<=:

bilical cord blood-derived mast cells to IL-4 can enhance the abil
ity of these cells to release lipid mediators (Fig)8n responseto 5§
98.3%, 16 wk of culture) after 4 days in culture with IgE at 0, 0.05, or 5 anti-lg& chgllenge by a mechanism that r?\ppears to be |nde_pende§{
ng/ml. A, For flow cytometry analysis of surface IgE binding, cells were of any major effect of IL-4 on the Ce_"S surface expressmn. ofg
briefly incubated with excess IgE and stained with FITC anti-IgE, as in Fig.FCeRI (Fig. 84). Thus, pretreatment with IL-4 alone had no sig- S
1; data shown at meart SEM (n = 3). Negative controls were as de- hificant effect on the cells’ surface expression o€¢RE(Fig. 84),
scribed in Fig. B. B, Mast cells were cultured with or without human IgE but did significantly enhance the ability of cells to release L. TC
for 4 days, washed, and then passively sensitized with IgEed/énl for (Fig. 8C, left) or PGD, (Fig. 8C, right), as well as histamine (Fig.
2 h, and then challenged with various concentrations of anti-IgE or calciungB), upon anti-lgE-dependent activation.

ionophore A23187 for 1 h; all data are meanSEM (n = 3). The per-

centage of specific histamine release was calculated by subtracting baseliféifferent batches of umbilical cord blood-derived human mast
(control) release in the absence of anti-IgE (alwag&0%). *, p < 0.05; cells can vary markedly in their mediator release responses to

%, p < 0.005, versus corresponding values for mast cells that had beeanti-lgE challenge after preincubation with or without IgE
cultured for 4 days without IgE. and/or IL-4

FIGURE 7. Surface IgE-binding ability4) and specific histamine re-
lease B) of human umbilical cord blood-derived mast cells (purity

0T0Z ‘2T Ateniged

We then performed an experiment similar to that depicted in Fig.
blood-derived mast cells (data not shown). We then assessegd LT@®, but employing a different batch of cord blood-derived mast cells
productian 1 h after FeRI-dependent activation in a batch of mast and including a dose-response examination of the effects of various
cells (purity >90%, 10 wk of culture) that either had or had not concentrations of anti-IgE on LTGand PGD release, as well as
been preincubated with g IgE/ml for 4 days before challenge on histamine release (Fig. 9). In this experiment, preincubation
with anti-IgE. In this experiment, IgE preincubation resulted in awith IL-4 alone slightly, but significantly, enhanced surface ex-
47% increase§ < 0.0001) in the MESF values of cells assessedpression of FeRI, whereas preincubation with IgE alone had a
after incubation with the CRA-1 Ab to the ERI a-chain, and a much greater effect (Fig.A). However, the synergistic effect of
156% increase [f < 0.0001) in LTG, production ly 1 h after IL-4 and IgE preincubation of FRl surface expression was
challenge with anti-IgE at kg/ml. Thus, cells that had not been greater in these mast cells than in those that were employed for the
preincubated for 4 days with IgE released® versus 16.7- 1.5 studies shown in Fig. 8 (cf FigsA8and Q).
pg LTC,/10* cells after challenge with O versusplg/ml of anti- Moreover, the mast cells that were used for the experiments in
IgE (p < 0.01), whereas the cells that had been preincubated witlrig. 9 appeared to be substantially less responsive to anti-IgE-
IgE for 4 days released 8 0 versus 59.5 0.8 pg LTC,/10" cells induced release of histamine or lipid mediators than were the cells
(p < 0.0001). used for the experiments shown in Fig. 8. For example, minimal

We next tested a batch of mast cells of purit®9% (15 wk of  specific release of histamine, LT Cand PGD (white circles in
culture), to examine the effect of preincubation with IL-4 and/or Fig. 9,B andC, respectively) was induced by anti-IlgE challenge of
IgE on the FeRI expression of cells, and on their ability to release cells that were preincubated with neither IgE nor IL-4 before short-
histamine, LTG, and PGD in response to FeRl-dependent acti- term incubation with IgE before anti-IgE challenge. However, the
vation (Fig. 8). In confirmation of our other experiments, a 4-dayanti-IgE-induced release of all three mediators was significantly
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A p<0.0001

(x10%) I

14 p<0.0001
FIGURE 8. Surface FeRl ex- 121 Lo pOlh,
pression 4), specific histamine re- 10+ IFM}
lease B), and LTG, and PGD secre- L.
tion (C) of human umbilical cord @ 8-
blood-derived mast cells (purity = 6
>99%, 15 wk of culture) after 4 days n.s.
in culture with or without IgE at 5 41 Negative control (n=1) [ 1
ng/ml and/or IL-4 at 10 ng/miA, For 24
flow cytometry analysis of surface
IgE expression, cells were incubated 0- None None None None IL-4 _ IgE IgE+lL-4
with CRA-1 antiw-chain mAb and Pretreatment ( for 4 days)
stained with FITC anti-mouse 1gG; CRA-1: = clgG + + + + +
data shown are meann SEM (0 = FITC: = Anti-migG clgG Anti-migG

3). Negative controls were as de-
scribed in Fig. B. The clgG denotes
the isotype-matched control Ig&

andC, Mast cells were cultured with

Treatment for flow cytometry

w

or without IgE at 5ug/ml and/or IL-4 80+ — __ 50
at 10 ng/ml for 4 days, washed, and & 7, £ o -
then passively sensitized with IgE at @ 0 NoIL-4 or IgE § 40— o)
5 pg/ml for 2 h, and then challenged 3 60 2 S
with various concentrations of anti- € 50 0O [L-4 10 ng/ml = 30+ §_
IgE or calcium ionophore A23187 for 2 £
1 h; all data are meart SEM (h = g 40 ¢ l9ESug/ml § 20 %
3). B, The percentage of specific his- g 20 H IgE+IL-4 % %
tamine release was calculated by sub- o £ 104
tracting baseline (control) release in § 20 s g
the absence of anti-IgED, No pre- & 104 i @ 0+ =
treatment;], IL-4 at 10 ng/ml; @, A 3
IgE/ a}t 5d;ug/m|; H, both/ Igle at 5 0- 3 01 o 1 T -10- o o4 02 05 1 g
ml and IL-4 at 10 ng/mlx, p < i ; : : :

g.%S;**, P < 0.001;#x#x, ;g) < 0.0?)01, Anti-IgE (ng/mi) A23187 (LM) %
versus corresponding values for mast Qc
cells that had been cultured for 4 days S
without IgE or IL-4.C, Lef, LTC,  C p<0.0001 £<0.0001 &
secretion; right, PGD, secretion. <0.0001 ) c
White bars, no pretreatment; stippled 500- p|;1 3000- lﬁ..[ 3
bars, IL-4 at 10 ng/ml; striped bars, P<0.001 . p<0.0001 p<0.001 =
IgE at 5ng/ml; black bars, both IgE @ 4004 0<0.0001 «+« [ No IL-4 or IgE @ 2500 <ol o ns"_' e _B
at 5 ug/ml and IL-4 at 10 ng/mlx, 3 — B IL-4 10 ng/ml 3 PPt =)
p < 0.05; %%, p < 0.001;%#%, p < ® 3004 P01 S 20001 o
0.0001, versus corresponding values % IgE 5 pg/mi g 15004
for mast cells of the same pretreat- £ 2004 n e
ment group, but that had not been ¢ IgE+HL-4 3 1000-
stimulated with anti-IgE. 5 1004 o

500

0- 0
0 1 0 1
Anti-IgE (ng/mi) Anti-lgE (1g/ml)

increased, versus values for cells preincubated without IgE or IL-4batch-to-batch variation in the magnitude of their mediator release
in cells that had been preincubated with either IgE or IL-4 aloneresponses to anti-IgE challenge, as well as in their patterns of
and the enhancing effects of the preincubation with IL-4 aloneresponsiveness to anti-IgE challenge after preincubation with or
were the same as (for PGRelease, Fig. ©) or even greater than without IgE and/or IL-4. Thus, we have now analyzed the effects
(for histamine, Fig. B, or LTC,, Fig. 9C) those observed with of preincubation with IgE alone on anti-IgE-induced histamine re-
cells that were preincubated with IgE alone. The enhancing effectdease in two experiments, and have compared the effects of prein-
on anti-IgE-induced mediator secretion, of preincubation with bothcubation with IgE alone, IL-4 alone, or both IgE and IL-4 on
IL-4 and IgE were greater in the cells shown in Fig. 9 than in thoseanti-IgE-induced histamine release in five experiments, for a total
shown in Fig. 8, particularly in comparison with the effects ob- of seven experiments, each employing a different batch of cord
served in cells that were incubated with IgE alone. blood-derived mast cells. In two of these experiments (those de-
Analysis of results obtained with several different batches ofpicted in Figs. 7 and 8), anti-IgE challenge induceti0% specific

umbilical cord blood-derived human mast cells provides furtherhistamine release in cells that had been preincubated with neither
support for the conclusion that such cells can exhibit considerablégE nor IL-4, whereas in five experiments (including that depicted
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populations analyzed exhibited large differences in their responses.

(x10%) <0000 Thus, in the cells used for the experiments shown in Fig. 8, pre-
¥ —ps0000t incubation with IgE alone had a substantial enhancing effect on the
p<0.0001 _ p<0.0001 ability of cells to release LTEin response to anti-IgE at dg/ml.
) By contrast, in the experiments shown in Fig. 9, cells preincubated
5 p<0.0001 with or without IgE released very small, and quite similar, amounts
= 1 of LTC, in response to anti-IgE (at either 1 or L@/ml).

p<0.05

Moreover, the variation in the ability of different batches of mast

cells to produce mediators in response to anti-IgE challenge ap-
peared to be greater in the case of some products than others. For

Negative control (n=1})

0 None None None None IL-4 IgE TgE+IL4 example, the cells examined in Figs. 8 and 9 were much more
Pretreatment ( for 4 days ) similar in their ability to release PGDn response to challenge
CRAT: - clgG &+ & 4 + 4 with anti-IgE at 1ug/ml than they were in their ability to produce
FITC: - Anti-migG clgG Anti-mlgG

LTC, under the same conditions.

Such differences in responses may reflect differences in baseline
levels of F&RI surface expression (in control cells that were not
preincubated with IgE or IL-4) and/or multiple other factors.

Notably, there was less batch-to-batch variation in the responses
of these mast cell populations to the effects of preincubation with
IgE, IL-4, and/or IL-4 on anti-lgE-induced histamine release. In
each of the five experiments of this type, the effects of preincuba-
tion with IgE or IL-4 alone were significantly less than those of g
B IgE +1L-4 preincubation with IgE plus IL-4. Moreover, we found that in high £

responder mast cells, defined as those that gat@% specific &

histamine release upon anti-IgE challenge after preincubation for

10 days without IgE or IL-4, the effect of adding IL-4 to IgE for a

O e et} 4-day preincubation was small, whether judged by levels eRIFc
nti-IgE (ng/ml) . . . . . .

expression or magnitude of anti-IgE-induced histamine release. B!
contrast, adding IL-4 to IgE for a 4-day preincubation generally:
120 ” 2500, " resulted in substantially greater enhancement eRFsurface ex-
pression or anti-lgE-induced histamine release in the low re

2000 sponder cells (defined as those that gav®% specific release of
histamine upon anti-IgE challenge after preincubation for 4 day

1500 without IgE or IL-4).

Additional studies will be required to ascertain the mecha-S
1000~ w nism(s) underlying the effects of IL-4 on mediator secretion byl
- umbilical cord blood-derived human mast cells. Nevertheless, ir%
the case of both histamine release and BGDLTC, production, 3
the levels of anti-IgE-induced mediated release observed in cell@
0 o1 1 1o o 01 1 10 preincubated with both IL-4 and IgE significantly exceeded thosa&,
Anti-IgE (ug/ml) Anti-IgE (ug/mi) seen in cells preincubated with IgE alone. 2

Treatment for flow cytometry

(%) w

O NoliL-4origE
O I1L-4 10 ng/ml
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FIGURE 9. Surface FeRI expression 4), specific histamine release Efects of IgE and/or IL-4 on ReRI surface expression on

(B), and LTG, and PDG secretion €) of human umbilical cord blood- diferentiated mouse mast cells

derived mast cells (purity 98.7%, 11 wk of culture) after 4 days in culture

with or without IgE at 5ug/ml and/or IL-4 at 10 ng/mlA, For flow A preliminary report indicated that, under certain circumstances,

cytometry analysis of surface &Rl expression, cells were incubated with 1L-4 can suppress FRI surface expression on mouse mast cells in
CRA-1 antie-chain mAb and stained with FITC anti-mouse 1gG; data vitro; however, the specific details of the conditions for testing
shown are meart SEM (n = 3). Negative controls were as described in |4 in these experiments were not described (29). To examine the
Fig. 1B. The clgG denotes the isotype-matched control IB@ndC, Mast  effects of IL-4 preincubation on ERI surface expression on dif-
cells were cultured with or without IgE at/sg/ml and/or IL-4 at 10 ng/ml ferentiated mouse mast cells. we first tested BALB/c BMCMCs
for 4 days, washed, and th.en pa.ss'vely Sens't'z.ed with IgE@/ Bl for . _fepresentative of relatively immature in vitro derived mouse mast
2 h, and then challenged with various concentrations of anti-IgE for 1 h; all . g

cells, which had been preincubated for 4 days before flow cytom-

data are meant SEM (n = 3). Open circles, no pretreatment; open .
squares, IL-4 at 10 ng/ml; solid circles, IgE ap§/ml; solid squares, both  €try with mouse IgE mADb (g/ml), mouse riL-4 (10 ng/ml), both

IgE at 5ug/ml and IL-4 at 10 ng/mlx, p < 0.05;#:#, p < 0.01;:##x, p < IgE (5 pg/ml) and IL-4 (10 ng/ml), or neither IgE nor IL-4. As
0.001;=#xx, p < 0.0001, versus corresponding values for mast cells thatshown in Fig. 10, preincubation with IgE alone resulted in a
had been cultured for 4 days without IgE or IL, The percentage of marked increase in ERI expression in these cells (in confirmation
specific histamine release was calculated by subtracting baseline (contro)f previous reports) (13, 14), whereas IL-4 had no significant ef-
release in the absence of anti-IgE, Left, LTC, secretionright, PGD,  fect, whether when used alone or in conjunction with IgE.
secretion. We then performed a similar experiment using more mature
populations of mouse mast cells, freshly isolated peritoneal mast
in Fig. 9), anti-IgE challenge induced10% specific histamine cells (PMCs). Because mouse mast cells themselves represent a
release from such control cells. potential source of IL-4 (5, 6, 13), we analyzed PMCs isolated
Although we have performed relatively few studies of anti-lgE- from BALB/c IL-4 '~ mice (28) and from the corresponding wild-
induced release of lipid mediators, the three different mast celtype (BALB/c IL-4*/*) mice. In confirmation of the results of


http://www.jimmunol.org

The Journal of Immunology 5463

ns. higher in cells that had been incubated with IL-4 and IgE than in
30 LT, those that had been incubated with IgE alone.

25 BALB/c Mouse BMCMCs
Discussion

We previously reported that exposure to monomeric IgE can sig-
154 nificantly up-regulate the ability of human umbilical cord blood-
derived mast cells to bind IgE to their surface (18). In the present
study, we formally demonstrate that this result largely, if not
5 ne. solely, reflects the ability of IgE to induce increased surface ex-
Negative control (n=1) — pression of FeRl. In confirmation of prior studies (20—-22), we
also found that, in some experiments, incubation of human mast
cells with IL-4 resulted in a modest enhancement of their surface
expression of FeRI. However, in our in vitro derived human mast

20+

MESF (x10°)

10+

None None None None IL-4 IgE IgE+IL-4
Pretreatment (for 4 days)

migk: - i * * * * * cell preparations, unlike the human fetal liver-derived mast cells in
FITC: -  Antimige  ratlgG Anti-migE earlier stages of development that were studied by Xia et al. (22),
Treatment for flow cytometry monomeric IgE exhibited a much more striking ability to up-reg-

FIGURE 10. Surface FeRI expression on BALB/c BMCMCs (cultured ulate mqst cell surf{_:\cg eXPre_SS'O” c_)feRt thar_1 did IL-4 alon(_a.
for 5 wk, purity >99%) cultured for 4 days with or without IgE (at 5 Ve obtained very similar findings with two different populations
ug/ml) or IL-4 (at 10 ng/ml). For flow cytometry analysis of surface IgE Of differentiated mouse mast cells, in vitro derived BMCMCs and
binding, cells were briefly incubated with excess IgE and stained within vivo derived PMCs. On the other hand, IL-4 and IgE acted
FITC anti-IgE as in Fig. 1; data shown are meaiBEM (n = 3). Negative ~ synergistically in umbilical cord blood-derived human mast cell2
controls were as described in Fig3.3, p < 0.0001 versus values for mast populations (and in mouse peritoneal mast cells) to enhandelFc 3
cells that had been cultured for 4 days without IgE or IL-4. surface expression, findings that are consistent with the resul@_
reported by Xia et al. (22) for fetal liver-derived human mast cells.8
The differences between some of our results and those of Xia &
Banks and Coleman (30), we found that PMCs derived from IL-al. (22) may largely reflect differences in the mast cells that weres
4"~ mice exhibited lower FeRI surface expression at baseline analyzed in the two studies. We performed our experiments co
(MESF= 0.55+ 0.04) than did PMCs from IL-4"" mice (1.87= paring the effects of IgE and IL-4 on ERI expression using dif- =,
0.25,p < 0.001 versus values for IL-4~ PMCs) (Fig. 11). This  ferentiated mast cells that were obtained by maintaining unbilicak
finding probably reflected the lower levels of circulating IgE in the cord blood mononuclear cells for at least 9 wk in medium suppleé
IL-4 '~ mice (13). Indeed, in mice that had been injected i.v. withmented with SCF, IL-6, and PGH24). By contrast, the recent 3
mouse IgE mAb (10Qug/mouse, i.v., for each of 4 days before report by Xia et al. (22) (which was published after many of theQ
recovery of PMCs for flow cytometry) (13), MESF values for experiments reported herein had been completed) utilized fetal Ii\}g
FceRI surface expression by PMCs were statistically indistinguish-er-derived human mast cells that were generated in SCF-contair%
able in IL-4~/~ versus IL-4”* PMCs (1.84+ 0.09,n = 4 versus  ing medium, but were investigated only during the first 4 wk of%
1.93* 0.07,n = 5; p >0.05). their development in vitro. Moreover, in the fetal liver-derived 5
Incubation with IgE in vitro resulted in substantial enhancementmast cell system, the effects of IL-4 on dRl expression were
of FceRI surface expression in both IL-4 and IL-4"/* PMCs,  greatest when the cytokine was present during the earliest sta
an effect that, in the case of the IL-4 PMCs, must have been (i.e., the first 2 wk) of mast cell development in vitro (22).
entirely independent of IL-4. By contrast, incubation with exoge- Accordingly, one possible explanation for the differences be-
nous IL-4 alone had little or no effect on &Rl surface expression. tween our results and those of Xia et al. (22) is tivamast cells
However, for PMCs derived from either IL*4" or IL-4~/~ mice, that have undergone more extensive differentiation/maturation in
MESF values for FeRl surface expression were significantly vitro, FceRI expression becomes less responsive to IL-4 and more

IOZ%I A

0

20
*x © No |gE oriL-4
FIGURE 11. Time course of changes in surface _ & O 1L-4 10 ng/ml
FceRI expression on peritoneal mast cells from 15 x -7 = ® |gE 5 pg/mi
BALB/c IL-4*/* or IL-4~'~ mice cultured with or B igE +IL-4
without IgE and/or IL-4. Peritoneal cells were cul- 'fc;
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responsive to IgE. If this hypothesis is correct, it raises the possiereased capacity for IgE binding on their surface can be sensitized
bility that the same may be true in vivo, i.e., that IL-4 is important adequately with larger numbers of different IgE species of distinct
in promoting FeRI expression during early stages of mast cell Ag specificities.
development, through either direct or indirect effects on mast cells, Our findings strongly support the hypothesis that approaches
but that IgE becomes more important than IL-4 as a regulator othat significantly diminish circulating levels of IgE have the po-
FceRI expression at later stages of mast cell differentiation/matu+ential to reduce the IgE-binding capacity of tissue mast cells, as
ration. Alternatively, some of the differences obtained in the twowell as circulating basophils (34, 41), and that this, in turn, can
studies may reflect intrinsic differences between umbilical corddiminish IgE- and FeRI-dependent mast cell effector function.
blood-derived as opposed to fetal liver-derived human mast celldndeed, this represents one of the more likely explanations for the
The effects of IL-4 on FeRI expression may represent one com- observation that subjects in whom serum levels of IgE had been
ponent of a wide spectrum of actions of this cytokine (when testednarkedly reduced as a result of treatment with an anti-human IgE
in concentrations similar or identical to those used in this study) orAb also exhibited diminished wheal and flare reactions in response
mast cell development and function. For example, in human umto intradermal allergen challenge (34).
bilical cord blood-derived mast cells generated in medium con- Finally, we found that individual batches of umbilical cord
taining rhSCF and rhIL-6, exposure of the cells to IL-4 at 10 ng/mlIblood-derived human mast cells exhibited wide variation in their
induced morphologic changes consistent with enhanced mast cedbility to release histamine in response to anti-IgE challenge, par-
maturation, and also increased the cells’ expression of chymasécularly if the cells had not been preincubated with IgE for 4 days
changes that were apparent as early as 5 days after the first expoefore further sensitization with IgE just before challenge with
sure to exogenous IL-4 (31). In mouse mast cells, exposure to IL-anti-IgE. Based on the results shown in Figs. 8 and 9, it appears
not only enhanced the ability of cells to release serotonin in rethat mast cells may also exhibit considerable variation in their
sponse to challenge with IgE and specific Ag, but also increasedbility to release lipid mediators in response to anti-IlgE challenge.
the serotonin release of the cells in response to challenge witBy contrast, less variation was observed in the ability of differentg
compound A23187 (32). Exposure to IL-4 also can enhance th@opulations of mast cells to undergo up-regulation oéRHcsur- %
ability of in vitro derived mouse mast cells to release histamineface expression in response to preincubation for 4 days with IgI%
and LTGC, in response to endothelin-1 (33). Because each cord blood preparation was derived from a gen
It seems very unlikely that the effects of IL-4 on mast cell se-ically distinct, albeit unidentified, donor, the variation in the re- =
cretion of mediators in response to compound A23187 (this studgponses of different populations of umbilical cord blood-derivedg
and Ref. 32) or endothelin-1 (33) would be due to any effects of themast cells to anti-IgE challenge may have reflected genetic differ
cytokine on surface expression ofdRl. Indeed, in the present ences in the donors. It is even possible that some of these gene
study, it is possible that the enhanced anti-IgE-induced release dfiferences may also influence the susceptibility of these individ=:
histamine and lipid mediators observed in cells that had been praials to the development of allergic diseases. However, there a
incubated with IL-4 and IgE, as opposed to IgE alone (Figs. 8 andnany other factors that may have contributed to these results, irg
9), reflected a combination of the effects of IL-4 exposure on bothcluding differences in the responses of individual cord blood ceII°
FceRI surface expression and on other,eR&independent, as- preparations to our conditions of culture. a
pects of mast cell maturation and secretory function. While extensive further studies may be needed to understand tt
While the precise mechanisms underlying the spectrum of efbasis for these observations, the potential variability of the re-Q
fects of IL-4 on human mast cell mediator secretion remain to besponses of different cord blood-derived human mast cell populaz
fully elucidated, increasing evidence indicates that exposure tdions to challenge with anti-IgE should be kept in mind wheneve[%
monomeric IgE can enhance IgE-dependent mast cell mediatdhe results obtained with such mast cell populations are analyzen&;
release largely, if not entirely, by up-regulating levels of surface
expression of the FeiRl. Thu;, IgE- dep_en_dgnt up-regulation of hu- Acknowledgments
man mast cell FeRI expression can significantly enhance the sen-
sitivity and/or intensity of the response of cells to anti-IlgE chal- We thank L. Fox and M. Miyamoto for technical assistance, K. E. Langley
lenge, as reflected by the secretion of increased quantities gnd Amgen for rhSCF and rhiL-6, and H. Saito for helpful discussions.
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